Object. Surgery is an accepted treatment for carefully selected patients with focal epilepsy. In the present study, the authors assessed clinical and surgery-related data obtained in a large series of children suffering from intractable temporal lobe epilepsy (TLE).
MPORTANT advances in the neuroimaging used in the diagnosis of patients with epilepsy have been reported in the past decade. Magnetic resonance imaging is the modality of choice for identifying the structural basis of the epilepsy. High-resolution neuroimaging sequences and analysis techniques now reliably allow for the demonstration of various underlying structural pathological entities that were previously undisclosed in many patients. In fact, this technological progress now means that neuroimaging can assist the clinician in the prognosis of postsurgical outcome in patients with refractory focal epilepsy. Surgical intervention in patients with intractable TLE is effective in controlling or abolishing seizures in carefully selected patients. 8, 77 Temporal lobe epilepsy has become the prototypical focal epilepsy syndrome that can be improved surgically. 98 In the vast majority of studies in which epilepsy surgery has been evaluated, however, the authors included cohorts of adult patients who were on average in their third or fourth decade of life. 15 Several features unique to the pediatric population should encourage one to consider early surgical intervention. Although not the most common form of epilepsy in children, complex partial seizures of temporal lobe origin remain the most important type of epilepsy amenable to surgery. The emotional and behavioral effects of uncontrolled seizures complicate the natural history of intractable TLE. As noted by Wyllie, 100 a chronic childhood disorder such as epilepsy inhibits the development of one's personality. Additionally, debilitating behavioral and psychiatric problems including temper tantrums, aggressiveness, attention deficit disorders, and hyperactivity have been frequently reported in these children. 40, 59, 63 Early surgery for intractable epilepsy may improve cognitive and psychosocial outcomes. 24, 39 Due to a thorough understanding of the pathophysiology of intractable pediatric TLE and improved diagnostic and surgical techniques, early successful interven-tion is now possible. Several groups have documented the effectiveness of temporal resection for seizure control in children and adolescents. 3, 4, 21, 24, 27, 34, 40, 50, [52] [53] [54] 67, 88 The best outcomes after temporal lobe surgery are usually associated with the finding of structural lesions and are concordant with the electrographic findings and other data. 6, 17, 47, 78 With regard to safety, efficacy, and outcome, there have been very few studies involving large series of children undergoing surgery for epilepsy of temporal lobe origin.
The purpose of this study, the largest series reported to date, was to identify the clinical course, electrophysiological and neuroimaging findings, surgical approach, pathological analysis, and long-term seizure outcome obtained in a series of children surgically treated with intractable TLE.
Clinical Material and Methods

Patient Population
We retrospectively studied data that had been prospectively collected in children who underwent surgery for intractable TLE at the Montreal Neurological Institute and Hospital and the Montreal Children's Hospital between June 1985 and July 2000. Inclusion criteria consisted of TLE refractory to medical therapy, age younger than 19 years at the time of surgery, preoperative MR imaging and EEG data, surgery confined to the temporal lobe, diagnosis confirmed by histopathology, and a minimal follow-up period of 5 years. We excluded cases involving combined temporal and extratemporal resection, functional hemispherectomy, or previous epilepsy surgery as well as those with MR imaging evidence of extratemporal lesions. Also excluded were children who harbored malignant temporal tumors. Overall 109 patients met these criteria. At the time of surgery, 46 patients were children (Ͻ 12 years of age) and 63 were adolescents (13-18 years of age; Fig. 1 ). Patients were followed prospectively for a median of 10.9 years (range 5-20.2 years). In assessing outcome, all data have been included up to the last follow-up visit.
Preoperative Evaluation
Preoperative evaluation followed a protocol that included scalp EEG with sphenoidal electrodes, videotelemetry running a spike and seizure-detection software, neuroimaging, and formal neuropsychological testing to evaluate the temporal lobe, including the mesial structures. When necessary, functional imaging involving ictal and interictal single-photon emission computerized tomography scanning, interictal positron emission tomography scanning, functional MR imaging, and MR spectroscopy supplemented the evaluation. Intracranial recording was performed only if there were questions of lateralization or lobar localization. Similarly, intracarotid amobarbital testing was reserved for cases in which there was uncertain language lateralization or memory reserve. 30 Detailed information regarding the clinical history and physical and neurological examinations was obtained from review of medical records.
Surgical Procedure
Patients in whom preoperative MR imaging demonstrated neoplastic lesions, those with nontumoral lesions associated with medically refractory seizures, and those with normal neuroimaging features and longstanding intractable epilepsy (Ͼ 2 years) were referred for surgical assessment. The final decision to undertake surgery was based on clini-cal findings, imaging studies, ictal/interictal EEG evaluation, and neuropsychological test results. Since 1993, all procedures have been performed using frameless stereotaxy. Modalities of resection consisted of CorAH (the socalled anterior temporal lobectomy), transcortical SelAH, lesionectomy, CorAH with lesionectomy, and SelAH with lesionectomy. Patients in whom there was clear evidence of mesial TLE underwent a transcortical SelAH. The diagnosis of mesial TLE is based primarily on the findings of semiological investigation, EEG, and MR imaging. 1 The findings of complex partial seizures, predominant mesial temporal spiking on interictal and ictal videotelemetry without evidence of extratemporal epileptiform activity, electrocorticography or stereo-EEG obtained before resection, as well as clear preoperative MR imaging evidence of unilateral MTS without extratemporal lesions, together indicate the diagnosis of mesial TLE. The criteria for SelAH have evolved throughout the study years. For the most part, patients undergoing SelAH have met the following criteria: the presence of a clinically significant epileptogenic focus in the mesiobasal limbic structures and reasonable function of the contralateral mesiobasal temporal lobe. 72 The details of this procedure have been described elsewhere. [70] [71] [72] The types of surgery conducted in our study are illustrated in Table 1 . In the 77 patients who underwent CorAH either alone or with lesionectomy, the lateral temporal resections ranged from 3.5 to 8.5 cm in length. The extent of lateral resection exceeded 7 cm on the nondominant hemisphere in only nine patients. These more extensive lateral resections were performed in cases involving MR imaging features suggestive of malformation of cortical development or in those with a sizable percentage of mid/posterior temporal sharp waves on EEG or ECoG. The resections were leftsided in 31 children (67.4%) and 36 adolescents (57.1%).
Seizure Symptomatology
The presence of precipitating factors, lateralizing signs, generalization of seizures, auras, gestural and oroalimentary automatisms, and postictal symptoms was assessed from history obtained from the patient and observers, and these data were supplemented by reports in the medical record and videotape recordings of seizures. 22 Particularly useful, when available, were descriptions and EEG recordings of the initial seizure episodes in these young patients.
Ictal and Interictal EEG
Prolonged video-EEG telemetry was conducted in epilepsy monitoring units after placement of scalp electrodes in a 10-20 system and special electrodes, such as anterior zygomatic or sphenoidal electrodes. Scalp EEG activities were examined for background abnormalities, interictal epileptogenic activity, and ictal-onset changes. The clinical seizure onset was determined by the first videotaped objective evidence of seizure activity, or by a patient's subjective awareness of the seizure beginning, which caused him/her to press the alarm button.
Neuroimaging Evaluation
Cranial MR imaging included coronal and axial views with T 1 -weighted, proton density, T 2 -weighted, and FLAIR sequences. These high-resolution MR imaging studies optimize the evaluation of the temporal lobes for analysis of structural lesions and malformations of cortical development. Furthermore, they improve the evaluation of hippocampal signal intensity and enable volumetric analysis of the mesial structures. To detect MTS, particular attention was given to perfectly orthogonal coronal FLAIR images that allowed comparison of corresponding bihemispheric mesial temporal structures. In cases in which no clear signal changes were detected on these MR imaging sequences, quantitative volumetric measurements of the mesial structures were obtained. A difference greater than three standard deviations in volume of the amygdala and/or hippocampus was considered significant. These MR imaging findings were then correlated with the seizure semiology and EEG data. Cerebral angiography was performed only as part of the intracarotid sodium amytal procedure.
Invasive EEG Monitoring
In the rare case in which discordant findings were demonstrated during initial evaluations, the patients were generally selected for intracranial monitoring after implantation of temporal (including limbic structure) and extratemporal depth electrodes to localize seizure onset. 32 Intracranial stereo-EEG, in addition to localization and mapping of the epileptogenic area, also permitted cortical stimulation to define better the eloquent or functional areas of the cortex. The need for intracranial monitoring was limited to six patients with normal MR imaging features and EEG evidence of bitemporal epileptogenic activity.
Intracarotid Sodium Amytal Testing
Language dominance was determined based on the results of the preoperative intracarotid amobarbital procedure, if performed. Not all patients in this study underwent preoperative Wada testing. The indications for obtaining a sodium amytal test are the following: 1) if the results of the di- 55 Patients who exhibited both verbal and nonverbal memory task deficits during our battery of tests were selected to undergo Wada testing for further memory assessment. An intracarotid amobarbital procedure was performed in 31 patients to lateralize language and evaluate memory reserve. To assess the memory function of each hemisphere, we presented the patients with verbal and figural material while the contralateral hemisphere was anesthetized with the sodium amytal. Item recognition was tested 10 minutes after the amobarbital-induced EEG slowing had returned to baseline. In very young or uncooperative children, sedation, needed to perform the angiography, may impair performance during the test. 16, 90 In these cases, functional MR imaging and speech-activated positron emission tomography scanning were the preferred modalities for verbal memory and speech lateralization. 76 Furthermore, in the presence of a relatively high-flow vascular malformation, the standard flow-regulated functional MR imaging changes associated with speech or movement may be masked by the intrinsic pathological blood flow of the lesion.
Electrocorticography Monitoring
Intraoperative ECoG was performed in 83 patients prior to and on completion of the resection, the procedure being guided by the recorded activity. Persistent spiking in the wall of the resection cavity in cases involving lesions, or at the margin of resection in cases treated by CorAH or SelAH, resulted in the need to extend the initial resection. In contrast, spikes observed at a distance from the resection margin were simply documented and did not lead to further surgical removal. An array of 16 carbon-ball electrodes recorded from the cortical surface data while two multicontact depth electrodes were inserted through the middle temporal gyrus into the amygdala and hippocampus. The standard trajectory of the depth electrodes was modified if tumors lay in the path. Volatile anesthetic agents were discontinued, if in use, 15 minutes before recording, and Brietal (methohexital 40 mg) was administered intravenously to accentuate or trigger epileptiform activity.
Histopathological Diagnosis
Resected specimens were reviewed by four experienced neuropathologists who used standard histological, immunohistochemical, and ultrastructural techniques pertinent to analysis of pathological processes involving the temporal lobe. The degree of hippocampal cell loss was estimated as mild, moderate, or severe. 7, 64 Temporal neocortical tissue, when available, was examined for the presence of microscopic cortical dysgenesis. This was estimated as mild (areas of disrupted laminar organization, as well as clusters of dysplastic neurons), moderate (large areas of disruption of cortical lamination, clusters of dysplastic neurons, and blurring of boundaries between gray and white matter), or severe (total loss of cortical lamination, large bizarre neurons replacing the normal pyramidal cells, as well as balloon cells in the white matter or throughout the cortical layers). Neoplastic lesions were graded according to the World Health Organization classification system. Dual disease was defined as the presence of hippocampal sclerosis in association with extrahippocampal disease including cortical dysplasia, temporal neocortical dysgenesis, or a neoplasm.
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Postoperative Assessment and Follow-Up Evaluation
Postoperative seizure status and the need for anticonvulsant medication were determined through correspondence, medical records, and by direct contact with families. Seizure control outcome was assessed according to the fourtiered scheme proposed by Engel and coworkers 31 and modified by Oxbury and Polkey. 74 We assessed all seizures, including simple partial seizures (auras) and those related to the withdrawal of antiepileptic medication. All patients underwent postoperative MR imaging to verify the extent of resection of cortical and/or mesial temporal structures and to monitor for tumor recurrence. Assessment of EEG recordings and psychometric data was performed within 3 months of surgery, at the end of the 1st, 2nd, and 5th postoperative years, and at the 10-and 15-year follow-up evaluations, when applicable.
Statistical Analysis
Pearson chi-square and Fisher exact two-tailed tests were used for the evaluation of intergroup frequency distributions of categorical variables. Seizure-free outcomes of the two groups (children and adolescents) were compared using the chi-square test. A multivariate logistic regression analysis was conducted to ascertain the influence of other variables on seizure outcome. A probability value less than 0.05 was regarded as statistically significant.
Results
Patient Characteristics
Of the 109 patients, 57 were male (52.3%) and 52 were female (47.7%). Age at surgery ranged from 2 months to 18.9 years (median 13.2 years; Table 1 ). Eighty-four patients (77.1%) were right handed, 19 were left handed (17.4%), and six (5.5%) were ambidextrous.
Clinical Features
A history of febrile convulsions in infancy was documented in 28 patients (25.7%), including nine children and 19 adolescents. These convulsions were complex (prolonged, focal, or both) in four of the nine children and in 10 of the 19 adolescents. A history of remote severe head injury was noted in four children and 10 adolescents. Seizures began soon after encephalitis in six children and eight adolescents. In most patients the results of neurological examinations were unremarkable, except in four children and six adolescents with focal neurological deficits, including mild hemiparesis, and one patient with left upper-quadrant hemianopia. Developmental delay or mental retardation was documented in 12 children and six adolescents. Three children and four adolescents had been born prema-turely. The seizure onsets ranged from birth to 17 years of age (mean 5.5 years). The duration of epilepsy ranged from 0.1 to 17.6 years (mean 7.7 years). Seizure frequency ranged from two per month to five per day. Most patients experienced five to 10 seizures per week; four patients suffered more than 20 seizures per day. Patients were being treated with a mean of 3.2 anticonvulsant medications at the time of surgery. Table 2 provides a summary of the clinical features of the seizures, as defined by the International Classification of Epilepsies and Epileptic Syndromes. Auras were assessed based on the patient's self-report documented in the medical record. Gestural and oroalimentary automatisms and lateralizing signs were also noted.
Electroencephalography Findings
Interictal abnormalities were nonlocalizing in four patients (3.7%), and they were restricted to the temporal lobe in 93 (85.3%), 82 of them unilateral (75.2%). Abnormalities were extratemporal, multifocal, or generalized in 12 patients (11%). Ictal EEG activity was demonstrated in all patients: in 95 (87.2%) an electrographic seizure onset was located in a temporal lobe, (84 [77.1%] of them unilateral), in four patients there were nonlocalizing ictal abnormalities, and in 10 (9.2%) extratemporal, multifocal, or generalized onset were demonstrated.
Intracranial Monitoring
Intracranial stereo-EEG was performed in six patients. The depth electrode studies demonstrated a bilateral frontal and temporal focus in one patient, unilateral frontotemporal in three, and bilateral temporal in two. The epileptogenic zone was bilateral temporal in two, multifocal temporal and extratemporal in one, and unilateral temporal in three patients. Of note, in none of these six patients was the abnormality demonstrated on preoperative high-resolution MR imaging.
Electrocorticography Findings
Intraoperative ECoG was thought to be useful in determining the location of the electrographically inert margin of resection (as previously described). In this way, it proved valuable in guiding the extent of resection. Of the 83 patients in whom we acquired pre-and postresection ECoG recordings, temporal spikes were seen predominantly in the limbic structures in 38 patients (45.8%). In 40 patients (48.2%) spiking was observed over the cortical surface without involvement of the mesial structures. No activity was recorded in five patients (6%). On postresection recordings spiking was moderately or markedly reduced in 71 cases (85.5%), whereas abundant spikes remained in 12 (14.5%).
Neuroimaging Findings
In 12 patients MR imaging demonstrated mild diffuse atrophy or normal anatomy. Temporal abnormalities, that is, mesial and neocortical atrophy, with or without increased T 2 signal, were found in 51 patients. Of note, 12 of these patients were younger than 12 years of age at surgery. The youngest child with detectable MTS documented on preoperative MR imaging was 2.7 years. Neuroimaging revealed findings consistent with low-grade neoplasms in 38 children and vascular malformations in five patients. Clinical, EEG, neuroimaging, and neuropsychological data were congruent in 103 patients (94.5%). In the remaining six patients, the incongruence of data necessitated intracranial recording for clarification. Tumors recurred in five of 38 patients with low-grade neoplasms who underwent MR imaging follow up.
Neuropsychological Assessment
Neuropsychological evaluation revealed average functioning in most patients (57.3%), mildly subnormal functioning was observed in 28.5%, and in the remaining patients there was moderate-to-severe delay. The intracarotid amytal procedure has not been extensively performed in young children because they may not be cooperative. In this series, it was performed in 31 patients (28.4%) and established the capacity of the contralateral side to support memory and language functions following resection. Bilateral representation of language dominance was demonstrated in five children. The youngest patient to undergo an intracarotid amobarbital procedure was 8.6 years old.
Diagnostic Histopathological Findings
Neuropathological examination of surgical specimens revealed a broad spectrum of underlying pathological conditions (Table 3) . Classic MTS, defined as 50% neuronal loss and gliosis in prosubiculum, CA1, CA3, and the dentate gyrus of the hippocampal formation, was established in 49 (45%) of the 109 specimens. In 38 patients (34.9%) there were cortical developmental abnormalities. Thirtyeight (34.9%) of 109 patients harbored the following lowgrade tumors: astrocytoma in five, oligodendroglioma in three, ganglioglioma in 21, dysembryoplastic neuroepithelial tumor in five, and mixed astrooligodendroglioma in two patients. One patient each was found to have a choroid plexus papilloma and a pilocytic xanthoastrocytoma. Five patients were found to have the following vascular lesions: * Two children and one adolescent had more than one lateralizing sign.
cavernous hemangioma in four and arteriovenous malformation in one. Pathological examination failed to disclose a plausible epileptogenic temporal lobe lesion in six patients (5.5%). In 27 patients (24.8%) histological examination showed both MTS and focal neocortical migration abnormalities. Data obtained in these patients with dual pathological entities, defined as hippocampal sclerosis or gliosis in association with an extrahippocampal lesion, were further analyzed. Age at onset, age at surgery, seizure symptomatology, and ictal EEG patterns were similar to those without dual pathological entities. No clinical features or semiology were found to be associated with a significantly higher frequency of any histopathological diagnosis; however, there was a strong trend for patients with younger age at seizure onset, longer duration of seizures, and history of prolonged febrile convulsions to have MTS or dual pathological entities.
Seizure Outcome
Overall, 89 patients (81.7%) were free of seizures at the latest available follow-up examination (median 11.3 years) and another five (4.6%) suffered only rare seizures (Table  4) . Thirty-nine (84.8%) of the 46 children and 50 (79.4%) of the 63 adolescents were completely seizure free compared with their status the year prior to surgery. In addition, one (2.2%) of 46 children and four (6.3%) of 63 adolescents had a more than 90% reduction in seizures compared with preoperative frequency. The remaining 15 patients (13.8%) had a less than 90% reduction in seizures. The Pearson chisquare test showed no difference between the two age groups (p = 0.4705). Table 5 provides an outline of the clinical and/or laboratory features in relation to seizure outcome. Etiological differences between children with new-onset TLE may have prognostic implications. When analyzed independently, the following three variables reached significance: duration of seizures, presence of febrile convulsions, and histological diagnosis. When all features were compared using a multivariate logistic regression analysis, however, only two variables had statistically significant different seizure-free outcomes (Table 5 ). Patients in whom the duration of seizures was greater than 5 years had significantly poorer seizure outcome (odds ratio 5.092, 95% confidence interval 1.18-22.02; p = 0.0105). Patients with a clear history of febrile convulsions had a greater chance of becoming seizure free following surgery (odds ratio 9.167, 95% confidence interval 1.84-45.75; p = 0.0047).
Repeated Operation Data
All second resections were performed on the same side as the original surgery. The extent of the previous resection was calculated using one set of preoperative and two sets of postoperative MR images. Twenty-three patients (21.1%) required additional surgery for continuing seizures; the procedures involved further resection of the temporal neocortex (15 cases), mesial structures (three cases), or removal of recurrent tumor (five cases). In these patients, 14 (60.9%) were free of seizures and in another three (13%) a greater than 90% reduction in seizures was demonstrated at the last follow-up examination. This is consistent with our previous reported findings that repeated operation for recurrent TLE in adults effectively controls seizures in most patients.
Surgical Complications
Six patients suffered transient surgical and neurological complications including mild hemiparesis, dysphasia, aseptic meningitis, epidural hematoma, subdural hygroma, and nonsymptomatic visual field deficit. There was no mortality and no permanent morbidity in this series.
Discussion
Disease Background
Twenty-five percent of children with epilepsy continue to experience seizures despite the best medical management. 13 Patients with complex partial seizures form a group of particular clinical interest because it comprises the majority of patients with medically intractable epilepsy in whom a response to surgical therapy is positive. 98 Surgeryrelated outcomes in adult patients with epilepsy, as reported by investigators at various centers, demonstrate that epilepsy surgery can arrest repeated seizures and their adverse neurobiological and psychosocial effects, or allow the use of smaller dosages of antiepileptic drugs in properly selected patients. 29, 58, 80 In children, these benefits may occur at a critical developmental period, enhancing socioeconomic outcome and hence extend over a lifetime. Epilepsy surgery, however, has been slow to develop and be accepted in children. 89 In 1975, Davidson and Falconer 24 first demonstrated that early surgery could alter the outcome of children with TLE. In this seminal work the authors demon- 40, 59 ,100 and the cognitive and psychosocial morbidity of this type of localization-related epilepsy is considerable. 28, 63 Temporal lobe resections are effective in eliminating complex partial seizures in greater than 75% of properly selected children with uncontrolled TLE. 3, 4, 14, 24, 27, 34, 37, 45, 50, 52, 53, 67, 68, 88, 101 Analysis of the present findings confirms the overall favorable results of surgery for TLE in children and highlights the importance of early recognition and prompt referral for surgical evaluation.
Electroencephalography, Stereo-EEG, and ECoG Monitoring
Electroencephalography monitoring was useful in localizing a focal process of epileptogenesis. In the presence of TLE, the placement of sphenoidal electrodes can help localize the epileptogenic foci to the inferomedial temporal regions and predict which patients with drug-resistant TLE seizures are most likely to benefit from surgery. If seizures prove to originate from a single basal temporal area, we have found that more than 85% of patients will be seizure free after surgery. We have also found an important subgroup in which the interictal surface EEG monitoring demonstrates consistent, exclusively unilateral basal temporal epileptiform patterns. In these patients, the likelihood of a seizure-free outcome approaches 80%, placing them in a category comparable with that of other optimal candidates for epilepsy surgery. On the other hand, if seizures are of lateral posterior temporal onset (reflecting probable neocortical origin), or if interictal epileptiform patterns on EEG disclose a bitemporal or multifocal distribution, a postresection seizure-free outcome is less likely. 43, 51 Intraoperative ECoG and depth electrodes directed to the amygdala and hippocampus can further improve the detection of temporal lobe epileptogenic activity. 36, 96 Postresection ECoG spikes were rarely seen but they occurred equally in all outcome groups and did not portend an unfavorable outcome in this series. This is in agreement with the results of an earlier study in which the authors found no correlation between quantity of postresection spikes and outcome in adult patients with TLE. 56 It is important, however, to clarify that a distinction is made between residual spiking at the resection margin, which usually leads us to extend by a few millimeters the said margin, and distant spikes which are never "chased." Our experience with surgical management of TLE clearly shows that high-quality neuroimaging, surface (including sphenoidal) videotelemetry, and neuropsychological assessments are often sufficient. Invasive intracranial monitoring in this particular cohort of patients is not frequently required to obtain good surgical outcome.
Febrile Convulsions and MTS
The relationship between complex partial seizures and neuronal cell loss in the mesial temporal structures has been recognized for more than a century; however, debate regarding whether they are the cause 11, 19 or the result 49 of seizures persists. Although there are multiple causes of MTS, approximately 30% of patients with TLE and MTS in surgical series have a history of infantile convulsions. 25, 65 In this series, of 49 patients with confirmed MTS, 19 (38.8%) had a history of febrile convulsions. Clearly MTS correlates with early childhood convulsions 83 and early childhood prolonged febrile convulsions. 20 In these patients, an excellent outcome can be expected. 2 Contrary to adult patients, however, MTS is a relatively infrequent indication in pediatric candidates for temporal resection. In contrast, low-grade tumors and malformations of cortical development are more common in children. 101 In MR imaging studies of children with TLE, MTS has been noted in 21% of patients 15 years of age or younger with new-onset TLE 41 and in 57% of patients 2 to 17 years of age with refractory TLE. 39, 42 The latter incidence is in keeping with that demonstrated in earlier reports (60% incidence of histopathologically demonstrated hippocampal sclerosis in children) before the advent of MR imaging in surgical series. 24 Mesial temporal sclerosis has been documented on MR imaging in infants as young as 4 months 26 and 2 years of age. 42, 69 As noted previously, the youngest patient with documented MTS in the present series was 2.7 years old at surgery. It has been hypothesized, therefore, that febrile convulsions may acutely damage the temporal lobe and lead to MTS. 18, 33 There are at least three hypotheses that explain the relationship of prolonged febrile convulsions and MTS. It has been proposed that MTS may be acquired as the result of a prior insult and can be the cause of both febrile seizures and TLE. 5, 20, 25 If MTS predates complex febrile convulsions, we can expect a high incidence of significant cerebral insults, such as pre-or perinatal injury, meningitis, encephalitis, or head trauma, preceding the febrile seizures. In our group of children with MTS and a history of prolonged febrile convulsions, no causative insult was found in most cases. A second hypothesis is supported by indirect evidence obtained in cohort studies suggesting that complex febrile seizures produce acute hippocampal injury that evolves into MTS. 5, 12, 93 More direct evidence, however, may be obtained using high-resolution MR imaging. In a study specifically focused on complex febrile convulsions, VanLandingham and colleagues 92 reported the MR imaging results in 27 infants with febrile seizures. Increased hippocampal volumes and increased T 2 signal intensity, compatible with acute hippocampal edema, were detected in four infants with severe, prolonged (mean duration 99-minute) seizures. 92 Follow-up imaging revealed that the hippocampal edema evolved into hippocampal atrophy and MTS in three of the four infants. Whether the acute hippocampal injury is due to the seizure itself or whether secondary systemic factors, such as hypoxia or hypotension, also contribute is difficult to determine in retrospective studies. A fundamental question remains: why would normal brain suddenly produce a complex convulsion in response to a minor febrile illness? Genetic predisposition to status epilepticus 23 and febrile convulsions 95 might be sufficient to cause such an event, given that the hippocampus is highly susceptible to seizureinduced injury. Perhaps a more common scenario, however, is a combination of subtle preexisting temporal lobe disease as a nidus for the prolonged febrile convulsion, with superimposed seizure-induced injury leading to MTS. Hence, the third hypothesis states that complex febrile convulsions produce additional injury to an already abnormal hippocampus. There is now accumulating evidence for this important clinical entity known as dual pathological entities. 60, 94 That repeated seizures may render the MTS more frequently visible on MR imaging as the patient ages may also suggest a role for ongoing damage with recurring seizures, or this could reflect a certain delay in the appearance of damage at a cellular level on current neuroimaging modalities.
Dual Pathological Features
Mesial temporal sclerosis and subtle dysgenesis in TLE raises the possibility that focal cortical dysgenesis may provide a substrate for complex febrile convulsions and also predispose to hippocampal injury evolving into MTS. Raymond and colleagues 81 have reported focal cortical dysgenesis in 15 of 100 patients with infantile convulsions and MTS. Ho and coworkers 44 investigated 30 patients with dual disease of unilateral temporal lobe cortical dysgenesis and MTS diagnosed through MR imaging. Nine of the patients had a history of febrile convulsions, two of whom had status epilepticus. In the present series, in a significant subgroup (25%) of children with TLE there was evidence of cortical dysgenesis accompanied by MTS. In most of these cases of dual pathological entities, MR imaging usually demonstrated subtle abnormalities in the temporal neocortex. Possibly, the febrile convulsions in these patients are early manifestations of the epileptogenicity of the focal malformation of cortical development. Nonetheless, the presence of dual disease, when recognized, did not portend poor surgery-related outcome, with 74.1% of these patients remaining free of seizures after temporal lobe resection. Therefore, we 62 and others 35, 85 believe that the optimal surgical management of dual pathological entities is resection of both hippocampal and extrahippocampal lesions.
Lesion-Related TLE
The effectiveness of resection in the treatment of patients with medically intractable TLE is clear. The authors of several studies have found that children with low-grade neoplasms experience better seizure outcome after epilepsy surgery than those with other pathological entities. 34, 61, 73, 79, 88, 101, 103, 104 Others, however, have been unable to find a difference in seizure outcome by disease category. 75, 82 In our series, nearly 95% of children with low-grade tumors were seizure free postoperatively. Regression analysis showed that histological diagnosis, as an independent variable, achieved significance. The presence of a discrete lesion on the preoperative neuroimage failed to reach statistical significance in the final multivariate logistic regression analysis. Nevertheless, the difference in seizure outcome is thought to be due to the fact that mass lesions possess more distinct borders, allowing for more radical resection. Complete removal of the epileptogenic substrate is clearly associated with a better postoperative seizure outcome. 57, 75 Persistent spiking in the lesional bank on postresection ECoG, in contrast to distant spiking, should be noted intraoperatively to optimize seizure outcome. A typical example would be the hemosiderin-laden or gliotic tissue at the margin of a resected cavernous malformation.
Normal MR Imaging Features
Although MR imaging detects a morphological abnormality as the cause of the epilepsy in the majority of cases, MR imaging demonstrates normal findings in some patients. Cases involving intractable TLE and normal MR imaging-based features do not generally constitute the most favorable candidates for surgery. 84 Nevertheless, successful epilepsy surgery is possible in patients with normal MR imaging findings, but thorough presurgical evaluations are particularly important. 46, 87 Detailed imaging studies involving all available modalities (volumetry, T 2 relaxometry, FLAIR imaging, and MR spectroscopy) may help identify a subgroup of individuals with unilateral TLE who may be expected to have an excellent outcome. Additionally, invasive monitoring can lead to localization of the seizure onset zone and good surgery-related results. 36 In our series, eight of 12 children with no MR imaging-detected abnormalities were free of seizures postoperatively. In these children, the best outcomes occur when ictal and interictal epileptiform patterns are confined to one basal temporal region. Unfavorable outcomes are most likely when ictal and interictal discharges are bitemporal or multifocal in distribution, as can be documented by intracranial depth electrode recording. 84 Thus, surgery may be a reasonable treatment for selected patients with intractable temporal lobe seizures and normal MR imaging findings.
Early Surgical Intervention
The identification of good candidates for surgery has been the subject of extensive research, and numerous investigators have examined predictors of outcome following epilepsy surgery. The early identification of the potential epilepsy surgery candidate and the optimal timing of surgery, however, have only occasionally been addressed in the literature. Based on results obtained in several recent pediatric surgical series, the possibility of favorable postoperative seizure outcome was not adversely affected by young age, and seizure-free outcome was comparable to that demonstrated in the adult series. 100 In our series, the incidence of seizure-free outcome was very high in some subgroups of children, including those with hippocampal sclerosis or low-grade neoplasm. Furthermore, early surgical intervention and seizure relief could maximize developmental outcome by restoring normal cortical function during critical phases of cognitive development. 102 Although few quantitative data are available, analysis of some findings suggests that surgery-induced relief of intractable epilepsy may also result in resumption of developmental progression after surgery. In two recent studies, the best developmental outcomes were documented in patients who underwent the earliest surgery and had the highest level of preoperative development. 9, 66 Our results are concordant with those of Goldstein and colleagues 38 who reported that a shorter duration of epilepsy favorably predicted a seizure-free outcome in children undergoing temporal lobe surgery. The prognostic significance of preoperative duration of epilepsy emphasizes the need for early recognition and referral for surgical workup. In our series, we also compared the 57 children who underwent temporal lobe surgery between 1985 and 1992 with children who underwent resection after 1992. Although there was no significant intergroup difference in the mean age at surgery or the mean age at seizure onset, there was a considerably lower mean duration of seizures prior to surgery in patients treated after 1992 (9 [pre-1992] and 4.9 years [post-1992] ). In our experience, therefore, a strong trend to perform resection surgery in children with intractable TLE at an earlier stage has been established. Clearly, for each child, the timing of surgery must be carefully considered, based on a full assessment of the relative risks and benefits derived from a detailed presurgical evaluation. Evidence from this series and others published recently 98 casts doubt on the validity of the traditional notion of medical intractability applied in adults. We are in full agreement with Chen and coworkers 21 who recently suggested that children with intractable partial epilepsy undergo evaluation for seizure surgery candidacy after 1 year of adequate antiepileptic drug treatment. Early recognition of medical intractability is particularly important for those patients in whom there are focal imaging abnormalities that are likely associated with extensive neuronal loss.
Repeated Operation for Recurrence
Despite gradually improving outcomes following surgery for intractable TLE, seizure recurrence has been reported in 20 to 60% of patients treated at most centers. 10, 30, 99 The cause of recurrent postoperative seizures in cases of TLE is probably multifactorial. Possible contributing factors may include inadequate localization of the epileptogenic area, insufficient excision of the epileptogenic substrate, or an undetected structural lesion. The authors of several recent studies have noted remission rates of 50 to 65%. 36, 48, 86, 99 In our series, 14 (60.9%) of 23 children were seizure free after repeated operation. Of these, 15 patients underwent additional neocortical resection after extrahippocampal disease was identified. In some cases, failure of temporal lobe surgery can be related to inadequate excision of the hippocampus. 70, 91 In our study, three (21.4%) of 14 children who were seizure free after repeated operation underwent resection of residual mesial temporal structures only. A more complete resection of the mesial temporal structures during the first operation, based on postresection ECoG, could prevent the need for repeated operation in some cases. 84 Despite reports of increased neurological deficit after reoperation, none of the 25 patients who underwent repeated operation in our series suffered permanent neurological morbidity or died. We strongly believe that the low incidence of complications in our series reflects rigorous observation of microsurgical techniques previously described in detail. 36 The indications for repeated operation should include criteria similar to those used for the first operation: drug-resistant epilepsy, epileptogenic activity in the residual temporal lobe, and a residual lesion.
Conclusions
The primary goal of epilepsy surgery is to eliminate seizures and minimize psychosocial and cognitive morbidity. Early seizure surgery in children has been advocated because of the view that refractory, daily, repetitive seizures are harmful from a neurodevelopmental perspective. We have demonstrated that early detection and precise localization of lesions in the temporal lobe in children may lead to surgical management and better long-term seizure control. The outcome in this group of patients was influenced by history of prolonged febrile convulsions and duration of preoperative epilepsy. Further work is underway to determine whether surgical treatment has durable benefits for cognition, behavior, and quality of life in children with medically refractory epilepsy, as has been suggested in the literature. This work needs to be conducted prospectively over a long period of time and must take into account the developmental maturation of the children being assessed.
